C ardiac arrest in childhood is a tragic event often resulting in death or poor neurologic outcome. Previous studies have reported survival rates in children ranging from 9% to 47% after in-hospital cardiac arrest (1) (2) (3) (4) (5) (6) (7) , and 0% to 29% after out-of-hospital cardiac arrest (8) . Better outcomes after in-hospital compared with out-of-hospital arrest have been attributed to differences in etiology of arrest, and more rapid recognition and treatment by skilled caregivers in the inhospital setting (9) . Because many of these previous studies are small retrospective case series conducted in single hospitals, their findings are often not generalizable (10) . In addition, lack of uniformity in case definitions and outcome measures complicates comparison of findings between studies and prevents integration of data in meta-analyses (10) .
Notable exceptions to the literature on cardiac arrest in childhood are the recent reports generated from the American Heart Association National Registry of Cardiopulmonary Resuscitation (11) (12) (13) (14) (15) (16) . The NRCPR is an international registry of in-hospital cardiopulmonary resuscitation (CPR) that includes adult and pedi-atric patients from over 500 hospitals (17) . Patients with out-of-hospital arrests are excluded. Variables included in the NRCPR registry are based on the Utstein Style Guidelines for uniform reporting of cardiac arrest and resuscitation data (18) . However, the NRCPR registry contains less extensive and detailed data than that potentially needed to plan and conduct future clinical trials of CPR interventions within specific pediatric research networks.
Therapeutic hypothermia is an intervention that has recently been shown to improve outcome in adults who are comatose after resuscitation from out-ofhospital ventricular fibrillation cardiac arrest (19, 20) . American Heart Association guidelines for postresuscitation support recommend induced hypothermia for such adult patients (21). Benefits of therapeutic hypothermia have also been reported for newborns with hypoxicischemic encephalopathy (22) . However, the effect of therapeutic hypothermia on outcome after pediatric cardiac arrest has not been studied.
The Pediatric Emergency Care Applied Research Network (PECARN) is a federally funded multi-institutional emergency medicine network that conducts research on prevention and management of acute illness and injury in children (23, 24) . PECARN includes academic, community, urban, rural, general, and children's hospitals located across the U.S., and provides the necessary infrastructure to carry out randomized controlled trials of CPR interventions in pediatric patients. To plan a randomized trial of the effect of therapeutic hypothermia on neurobehavioral outcomes after cardiac arrest, specific data describing the epidemiology of cardiac arrest from PECARN clinical sites are needed. The first objective of this report is to describe patient characteristics, cardiac arrest events, postarrest hospital courses, and outcomes in a cohort of pediatric patients who received in-hospital CPR for greater than 1 minute and who had a sustained return of circulation. The second objective is to identify factors most strongly associated with hospital mortality in this population using information available at the time of return of circulation, and within 12 hours following return of circulation. Such factors need to be considered in the design of a trial of therapeutic hypothermia in pediatric patients.
METHODS
A retrospective review of in-hospital cardiac arrest events occurring between July 1, 2003 and December 31, 2004 was conducted across 15 children's hospitals within the PECARN network. Patients between 1 day (24 hrs) and 18 yrs of age who had an in-hospital cardiac arrest and return of circulation for at least 20 consecutive mins were eligible for inclusion. Cardiac arrest was defined as a CPR event with greater than 1 min of chest compressions. Return of circulation includes both spontaneous and assisted circulation (e.g., extracorporeal membrane oxygenation [ECMO]). Patients who were cared for in a neonatal intensive care unit, who had cardiac arrest in the operating room as part of a planned cardiac surgical procedure, or who had arrest beginning before hospital arrival (out-of-hospital) were excluded. These criteria were selected to identify a cohort of pediatric patients similar to those who would be potentially eligible for a future hypothermia trial. Patients were identified by medical record International Classification at Diseases-9 codes, procedure codes, institutional arrest logs, morbidity and mortality reviews, emergency department records, trauma records, Pediatric Risk of Mortality scores (25) , and other site-specific mechanisms. If a patient experienced more than one cardiac arrest during the study period, only the first arrest meeting eligibility criteria were included. The study was approved and a waiver of informed consent granted by the Institutional Review Board at each site.
The PECARN Central Data Management and Coordinating Center at the University of Utah trained investigators and data abstractors at each site to review patient records and collect data. Training included review of a manual of operations, teleconferences, and comparative coding of hypothetical patient records. During data collection, a sample of nearly 20% of records coded by data abstractors was reviewed by the site investigators for 27 key data fields. Overall accuracy was Ͼ96%. Data fields reviewed by the site investigator that did not match with those of the abstractor were flagged for investigator review and resolution. All data were double entered into a secure, encrypted Internet site, and electronically submitted to the Central Data Management and Coordinating Center. The Central Data Management and Coordinating Center performed a secondary review to ensure data quality, and site investigators were queried to resolve data discrepancies.
Data collected included 1) patients' baseline clinical characteristics; 2) cardiac arrest event characteristics such as location and timing, first and subsequent documented cardiac rhythms, and monitoring devices and interventions used before and during the arrest; 3) etiology of cardiac arrest; 4) hospital course, such as use of ECMO and therapeutic hypothermia, and the occurrence of subsequent arrests and seizures; 5) physiologic and laboratory data such as pupillary reflexes, minimum and maximum body temperature, blood pH, and glucose concentration, and maximum lactate concentration in the first 12 hrs postarrest; 6) Pediatric Cerebral Performance Category (PCPC) (26) scores before cardiac arrest and at hospital discharge; and 7) survival to hospital discharge. In addition, dates and times of important clinical events were recorded and related time intervals were determined. These intervals included the time from arrest to initiation of CPR, first epinephrine dose, first defibrillation attempt, ECMO, therapeutic hypothermia, as well as the durations of CPR, and pediatric intensive care unit (PICU) and hospital stay.
Variable definitions were based on Utstein Style Guidelines (18) . Weekends were defined as Friday 11:00 PM to Monday 6:59 AM, and nights as 11:00 PM to 6:59 AM. Postoperative CPR was defined as the provision of CPR after a surgical operation and before discharge from the hospitalization in which the operation occurred. PCPC scores measure degree of cognitive function and range from 1 to 6 where 1 ϭ normal, 2 ϭ mild disability, 3 ϭ moderate disability, 4 ϭ severe disability, 5 ϭ coma or vegetative state, and 6 ϭ brain death (26) . Good neurologic outcome was defined as PCPC score of 1 or 2 at hospital discharge, or no change in score from prearrest to hospital discharge.
Statistical Analyses. Analyses were restricted to patients having full data on relevant variables. Each variable was described for survivors and nonsurvivors using counts and percentages for categorical variables and the median and interquartile range (25th-75th percentile) for continuous variables. The association of each variable with hospital mortality was examined using chi-square or Fisher's exact tests for categorical variables and the Wilcoxon's rank sum test for continuous variables. The Cochran-Armitage test for trend was used for ordered categorical variables.
Logistic regression was used to identify variables that were independently associated with hospital mortality. First, the univariate association of each variable with mortality was examined, as described above. All variables with p Ͻ 0.25 were eligible for inclusion in the logistic regression model. In addition, the decision was made a priori to include patient age, gender, and first documented cardiac arrest rhythm in the model regardless of statistical significance. Forward stepwise selection was next applied to this pool of potential predictors to obtain a final model. The criteria for variable selection were a significance level to enter of 0.05 and significance level to stay of 0.10. Patient weight was not included in the model because of its strong correlation with age. Maximum pH was not included because minimum pH was considered to be the more appropriate variable and both were highly associated with outcome. Maximum lactate was not included because of the large number of missing values.
Three final logistic regression models were built. The first model included only variables available before and during the arrest. The second model additionally evaluated variables collected in the first 12 hrs postarrest. Finally, because patients placed on ECMO in the first 12 hrs postarrest are likely to have a different mortality risk, a third model excluded ECMO patients. Adjusted odds ratios and 95% confidence intervals were calculated for each model. The c-statistic, or area under the receiving operating characteristic curve, is also reported (27) . All analyses were conducted in SAS version 9.1 (SAS Institute, Cary, NC).
RESULTS
Three hundred and fifty-three patients (n ϭ 353) had an in-hospital CPR event with chest compressions for Ͼ1 min, and return of circulation for at least 20 mins. Of these, 172 (48.7%) survived to hospital discharge. Baseline patient characteristics are shown in Table 1 . Younger age and lower body weight were associated with survival. Survivors were more likely to have pre-existing congenital heart disease whereas nonsurvivors were more likely to have pre-existing hematologic, oncologic, or immunologic disorders, genetic or metabolic disorders, and renal disorders. Cardiac arrest event characteristics are shown in Table 2 . Survivors were more likely to have received CPR during the daytime and postoperatively. Nonsurvivors were more likely to have an endotracheal tube before arrest, and to have received sodium bicarbonate, calcium, and vasopressin during the arrest. Nonsurvivors received a greater number of epinephrine doses than survivors ( Fig.  1 ). First documented cardiac rhythm was not significantly associated with survival ( Table 2) . Of those with bradycardia as the first documented rhythm (n ϭ 173), 28 (16.2%) subsequently developed asystole, 17 (9.8%) ventricular fibrillation or tachycardia, and 4 (2.3%) pulseless electrical activity.
Etiologies of cardiac arrest are shown in Table 3 . Survivors were more likely to have respiratory causes of arrest whereas nonsurvivors were more likely to have trauma and known terminal conditions.
Interventions and monitoring devices used during the first 12 hrs postarrest are shown in Table 4 . Nonsurvivors were more likely to have received inotropes and/or vasopressors. In the first 24 hours after the initial cardiac arrest, 28 (16.3%) survivors and 70 (38.7%) nonsurvivors had one or more subsequent arrests (p Ͻ .01). Seizures occurred after the initial arrest and before hospital discharge in 22 (13.2%) survivors and 28 (15.6%) nonsurvivors (p ϭ .51).
Physiologic and laboratory values measured in the first 12 hrs postarrest are shown in Table 5 . Survivors had higher body temperatures, higher pH, and lower lactate concentrations than nonsurvivors. Survivors were more likely to have two responsive pupils throughout the first 12 hrs postarrest than nonsurvivors.
Time intervals between the start of the arrest and various therapeutic modalities or clinical events are shown in Table 6 . In most cases (85.7%), initiation of CPR was documented within the first minute of detecting the need for chest compressions; and in 62.3% of cases, administration of the first epinephrine dose was documented within the first 2 mins of initiation of chest compressions. Survivors had a shorter duration of CPR than nonsurvivors.
PCPC scores are shown in Table 7 . Prearrest PCPC score was not associated with survival. Among survivors who had prearrest and discharge PCPC scores available (n ϭ 140), 132 (94.3%) had a good neurologic outcome (PCPC score of 1 or 2 at hospital discharge or no change from prearrest to hospital discharge). Among all survivors (n ϭ 172), 132 (76.7%) had a good neurologic outcome.
The results of the three regression models are shown in Table 8 . Each model was adjusted for age, gender, and first documented rhythm. In model 1 (variables available before and during the arrest), pre-existing hematologic, oncologic, or immunologic disorders, and preexisting genetic or metabolic disorders; presence of an endotracheal tube before the arrest; and the use of sodium bicarbonate during the arrest were independently associated with increased hospital mortality. Postoperative CPR was associated with decreased mortality. In model 2 (variables available up to 12 hrs postarrest), the use of calcium during the arrest was associated with increased mortality. Higher minimum blood pH and pupillary responsiveness were associated with decreased mortality. In model 3 (excluding ECMO patients), pre-existing genetic or metabolic disorders, electrolyte imbalance as an etiology of arrest, and longer duration of CPR were associated with increased mortality. Higher minimum blood pH and pupillary responsiveness were associated with decreased mortality. Figure 2 depicts the predicted probability of death based on minimum pH value during the first 12 hrs postarrest, after adjusting for factors described in model 2. For an average patient (median age and other characteristics as most frequently observed in the population), the predicted probability of mortality was 70% or higher for pH values Ͻ6.70, and 30% or lower for values Ͼ7.35. A pH of 7.03 corresponded to a 50% predicted probability of death.
DISCUSSION
Our findings describe the clinical characteristics, early hospital course, and outcome of a cohort of pediatric patients who experienced an in-hospital CPR event with chest compressions for greater than 1 min, and who had a return of circulation for at least 20 mins. This cohort was identified from 15 PECARN children's hospitals whose locations are geographically diverse and represent all four U.S. Census Bureau Regions and six of nine Census Bureau Divisions (28) . Most patients within this cohort had chronic pre-existing conditions and were highly monitored both before and after the cardiac arrest event. Many arrests occurred in the PICU. Initiation of CPR was most often immediate with the first epinephrine dose usually being given within 1 to 2 mins of the start of arrest. The rate of survival to hospital discharge within this cohort who had a sustained return of circulation was 48.7%. Of those who survived to hospital discharge, 76.7% had a documented good neurologic outcome (i.e., PCPC score of 1, 2, or no change from prearrest). Our cohort's survival rate is similar to that reported by Nadkarni et al (11) from the NRCPR registry who found that 236 (51.4%) of 459 children with in-hospital cardiac arrest and sustained return of circulation survived to hospital discharge. Nadkarni et al reported good neurologic outcome at hospital discharge (PCPC score of 1, 2, 3, or no change from prearrest) in 65% of pe- diatric patients who survived in-hospital cardiac arrest. However, in their study, good neurologic outcome was defined to include patients discharged with moderate disability (i.e., PCPC score of 3).
Variables collected in our study were based on Utstein Style definitions developed for uniform reporting of cardiac arrest and resuscitation data (18) . Utstein guidelines define cardiac arrest as the cessation of cardiac mechanical activity as confirmed by the absence of signs of circulation. Absent signs of circulation include the inability to palpate a central pulse, unresponsiveness, and apnea. Because of the retrospective nature of our study and the lack of consistent documentation of central pulses in medical records, we defined cardiac arrest as a CPR event with greater than 1 min of chest compressions. Patients receiving greater than 1 minute of chest compressions by health professionals were assumed to have absent signs of circulation. Several studies have demonstrated extremely poor diagnostic accuracy of the central pulse check for both lay rescuers and professional healthcare providers (29 -32) .
Cardiac arrest is a clinical diagnosis and may be present in a child even when the first documented rhythm reveals some form of organized electrical activity (33) . Indeed, the most frequent first documented rhythm reported at the time of initiation of chest compressions in 173 of our patients (49.0%) was bradycardia. Many of these patients with initial bradycardia went on to develop rhythms more typically associated with absent pulses. However, many others who were initially bradycardic had no subsequent abnormal rhythms documented. Patients with initial bradycardia received a median of 8 mins of chest compressions (interquartile range, 3-20 mins) and a median of two doses of epinephrine (interquartile range, 1-3 doses). It is unlikely that patients with this duration of CPR and epinephrine requirement had effective mechanical activity of the heart. A small proportion of our cohort (4.6%) did not receive mechanical ventilation following the cardiac arrest event. These patients either recovered sufficiently after CPR not to require mechanical ventilation (e.g., ventricular tachycardia or fibrillation that resolved with cardioversion) or died after a 20-min period of returned circulation without mechanical ventilation (e.g., intubation with hand bagging before PICU transfer).
Our cohort does not include all children who experienced an in-hospital cardiac arrest within participating PECARN sites during the study period. Only those patients who would potentially be eligible for a randomized trial of the effect of therapeutic hypothermia on neurobehavioral outcomes after in-hospital cardiac arrest were included. We excluded cases with brief duration of CPR (Ͻ1 min) even if epinephrine or defibrillation were administered. Such patients may be less likely to have significant neurobehavioral deficits that could be measured in the context and timeframe of a clinical trial. We also excluded cases without return of circulation because these cases would not be eligible for a clinical trial to establish efficacy of therapeutic hypothermia. from other studies should be careful to account for these differences in inclusion and exclusion criteria.
Comparison of our findings with those
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Previous NRCPR studies have suggested that younger age at the time of cardiac arrest is associated with better outcomes. Meaney et al (13) found that newborns and infants had higher rates of survival to hospital discharge than older children following cardiac arrest in the PICU. Nadkarni et al (11) found that children had higher survival rates than adults after in-hospital pulseless cardiac arrest. NRCPR studies have also described that first documented pulseless arrest rhythm is associated with survival to hospital discharge (11) . In one study that included both adults and children, a first rhythm of ventricular fibrillation or tachycardia provided a survival benefit (11) . In another NRCPR study that included only children, Samson et al (15) found that patients with ventricular fibrillation or tachycardia as a first rhythm had similar survival rates as patients with other types of first rhythms. Although our logistic regression models controlled for age, gender, and first documented arrest rhythm, these variables were not found to be independent predictors of hospital mortality in our cohort. The inclusion of only those with a sustained return of circulation likely influenced our results.
Variables available before and during the cardiac arrest event that were independently associated with increased hospital mortality in our cohort included pre-existing hematologic, oncologic, or immunologic disorders, genetic or metabolic disorders, the presence of an endotracheal tube before arrest, and the use of sodium bicarbonate during the arrest (see model 1). Other studies have similarly reported that chronic pre-existing conditions are common among pediatric patients who experience in-hospital cardiac arrest and that such conditions are often predictive of survival (5, 7, 15) . Decreased survival after cardiac arrest among patients with malignancy or genetic disorders likely reflects the poor prognoses often associated with these conditions. Similarly, the presence of an endotracheal tube before arrest likely reflects the patient's severity of illness at the time of the arrest. Within our cohort, patients who received sodium bicarbonate had a longer duration of CPR, and were more likely to receive other pharmacologic interventions such as calcium, vasopressin, and greater number of epinephrine doses. Variables that were independently associated with decreased mortality included CPR provided postoperatively. Postoperative CPR was often performed on young infants after surgical repair of congenital heart defects, a situation previously found to be associated with better outcomes (15) . A recent report from the NRCPR described time of day and day of week as predictors of pulseless cardiac arrest outcome in adults (34) . In our co- ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation. a Unavailable (missing) values were excluded from calculations of percentages and summary statistics. There were two nonsurvivors with missing data for ICU interventions and monitoring devices (except therapeutic hypothermia which had complete data capture). There was one survivor and one nonsurvivor with missing data for drug therapies; b 2 or Fisher's exact test was used for comparison between survivors and nonsurvivors. hort of in-hospital pediatric cardiac arrest with return of circulation, night and weekend arrests were not independently associated with mortality when age, gender, and first documented rhythm were controlled.
When extending the time frame of our regression model to include variables available within 12 hrs postarrest, the use of calcium during the arrest was independently associated with increased hospital mortality (see model 2). In the year 2000, the American Heart Association recommended restricting calcium use during CPR to specific conditions including hypocalcemia, hyperkalemia, hypermagnesemia, and calcium channel blocker overdose (35). Despite this recommendation, calcium was given to 174 of our patients (51.9%). This finding is similar to that reported by Srinivasan et al (16) who found that calcium was given to 45% of pediatric patients included in the NRCPR registry, and that calcium use was associated with decreased survival and poor neurologic recovery. In our cohort, higher minimum blood pH and pupillary responsiveness were associated with decreased hospital mortality. Blood pH correlated inversely with lactic acid concentration; higher pH likely reflects better oxygen delivery during CPR. Pupil reactivity has been associated with survival after cardiac arrest in adults (36) .
In our final logistic regression model, we excluded patients who received ECMO following in-hospital cardiac arrest. ECMO is increasingly used to restore circulation in patients with cardiac arrest refractory to conventional CPR, but may not be universally available after cardiac arrest at all children's hospitals. Recent studies report survival rates of 34% to 41% in such patients who without ECMO would not be likely to survive (7, (37) (38) (39) (40) . Excluding ECMO patients from our analysis, variables independently associated with increased hospital mortality included pre-existing genetic or metabolic disorders, electrolyte imbalance, and longer duration of CPR. Higher minimum blood pH and pupillary responsiveness were associated with decreased mortality. These variables are similar to or correlated with those described above in our models that include ECMO patients. Differences likely reflect the smaller sample size and missing data.
Recent reports have suggested that hyperglycemia is associated with increased mortality in heterogeneous PICU populations (41, 42) . In our multicenter cohort study that examines a more homogeneous group with recent cardiac arrest, peak glucose concentrations in the immediate period 12 hrs postarrest were not associated with mortality. Bernard et al (19) described the use of 12 hrs of therapeutic hypothermia in a cohort of adult cardiac arrest patients and found this intervention to be associated with improved outcome and hyperglycemia.
Findings from this study are important for designing a multicenter trial of therapeutic hypothermia following inhospital cardiac arrest in pediatric patients. Importantly, the findings provide information about the number of patients available for the study across the participating PECARN sites. Estimates of neu- (43) . This finding likely reflects the fact that no trial of therapeutic hypothermia has been conducted in any in-hospital cardiac arrest population, and no trial has been conducted following pediatric cardiac arrest. A trial investigating the use of therapeutic hypothermia in pediatric patients with severe traumatic brain injury was published in 2008 (44) . The trial concluded that therapeutic hypothermia does not improve neurologic outcome and may increase mortality in children with brain injury (44) . These findings may also contribute to equipoise regarding therapeutic hypothermia for pediatric conditions other than traumatic brain injury such as pediatric cardiac arrest. Limitations of this study include the retrospective nature of case identification and data collection. Missing data occurred when specific variables were not adequately documented in the medical records. Missing data likely accounted for some of the difference in identified predictors of mortality between regression models. In a retrospective study, associations between variables may not represent cause and effect. Our data were collected between July 1, 2003 and December 31, 2004 , and some practices such as use of therapeutic hypothermia after CPR may presently occur at different rates. PCPC ). The predicted probabilities are based on an "average" CA patient with median age (0.9 years) and values for all other variables based on most frequently observed in population, i.e., male with initial arrest rhythm of bradycardia, calcium administered during cardiopulmonary resuscitation, and both pupils responsive during 12 hours postarrest. scores are recommended in the Utstein Guidelines to assess neurologic outcome after cardiac arrest. However, PCPC scores provide only a global assessment of neurologic status and may fail to detect milder or more specific forms of dysfunction. PCPC scores were frequently missing especially for the younger patients. Strengths of this study include the multicenter participation of a geographically diverse group of PECARN children's hospitals across the United States, the extensive training and monitoring of data abstractors, and the detailed data collection performed as part of planning a randomized clinical trial.
CONCLUSIONS
Approximately half of children who experience an in-hospital cardiac arrest event with sustained return of circulation survive to hospital discharge. Among survivors, over three fourths have good neurologic outcomes based on PCPC measurements. Many variables are independently associated with hospital mortality. Future research should evaluate whether any of these associations represent cause and effect. Clinical investigators evaluating the efficacy of new interventions for pediatric cardiac arrest such as therapeutic hypothermia will need to consider these findings in their study designs.
